Autism Spectrum Disorder (ASD) is characterized by deficits in social communication and restrictive and repetitive behaviors (American Psychiatric Association [APA], 2013) . In addition to these core features, a child's challenges can be compounded by co-occurring conditions that are commonly found in individuals with ASD. Sensory processing disorder and food selectivity are two issues that can create additional stressors that impact the quality of life for this population. The purpose of this study was to test the feasibility of using electrodermal activity (EDA) to quantify the physiological response to food in children with ASD compared to children who are typically developing. A secondary purpose was to explore the relationships between electrodermal levels during baseline video and food presentations and a sensory processing pattern. In addition, we tested the differences in food acceptance and the relationship between food acceptance and sensory processing in children with ASD compared to children who are typically developing.
Sensory Processing in Children with ASD
Sensory processing differences are common in children with ASD. Estimates of atypical sensory processing are as high as 95% (Baranek, David, Poe, Stone, & Watson, 2006) . As a result, hypo-and hyper-reactivity to sensory information and/or unusual preoccupation with sensory aspects of the environment are now included in the ASD diagnostic criteria under restrictive and repetitive behaviors (APA, 2013) . Several studies have documented patterns of these sensory processing differences related to sensory modulation in the autism population when compared to children who are typically developing (Liss, Saulnier, Fein, & Kinsbourne, 2006; Watling, Deitz, & White, 2001) . Sensory modulation refers to the ability to use sensory information to maintain a calm-alert state for participation in everyday activities (Miller, Anzalone, Lane, Cermak, & Osten, 2007) . Three disordered modulation patterns have been identified in the literature: sensory over-responsivity (SOR) (e.g., hyper-reactivity, sensory defensiveness, sensory sensitivity), sensory under-responsivity (SUR) (e.g., hypo-reactivity), and sensory seeking (SS) (e.g., craving). A meta-analysis by Ben-Sasson and colleagues (2009) documented significant differences in sensory modulation symptoms in children with ASD when compared to typically developing children. They found that SUR is the most prevalent disordered pattern of modulation, followed by SOR and then SS. An additional review by Baranek, Parham, and Bodfish (2005) confirmed the variability of sensory modulation patterns in children with ASD and that SUR was the most prominent pattern.
Understanding the impact of sensory modulation issues on functioning for children with autism has been the focus of several studies. For example, SUR is one predictor of social communication skills during the early childhood period (Baranek et al., 2013; Watson, Baranek, Roberts, David, & Perryman, 2010) . SS has been linked to underachievement in the academic setting due to attentional difficulties (Ashburner, Ziviani, & Rodger, 2008) . There is a strong correlation between SOR and symptoms of anxiety (Lane, Reynolds, & Dumenci, 2012) and taken together, SOR and anxiety may lead to decreased participation in social and leisure activities outside of the home for children with ASD (Little, Ausderau, Sideris, & Baranek, 2015) . In addition, it appears that the SOR pattern of disordered modulation has particular relevance to the understanding of food selectivity. Children with ASD and other behaviors associated with SOR tend to accept fewer foods as part of their regular diet (Suarez, Nelson, & Curtis, 2013) . It is unclear whether there is a causal link between SOR and food selectivity or whether the association between these two constructs extends to children outside the autism spectrum who have food selectivity.
Food Selectivity
Food selectivity is a comorbid condition in up to 80% of children with ASD (Schreck & Williams, 2006) and may impact as many as 25% of children who are typically developing (Manikam & Perman, 2000) . Children with food selectivity refuse to eat a large proportion of foods that their family eats and restrict themselves to a narrow repertoire of preferred foods . In addition, children with food selectivity often have unpleasant physiological responses and disruptive behavior when presented with non-preferred foods (Howe & Wang, 2013; Williams, Gibbons, & Schreck, 2005) . For example, these children may vomit and/or gag during mealtime and hit, cry, scream, and/or throw food in an effort to escape the feeding situation. The impact of food selectivity can include nutritional deficits for the child (Zimmer et al., 2012) and decreased mealtime satisfaction for the family (Rogers, Magill-Evans, & Rempel, 2012) . Despite the potential nutritional and quality of life consequences of food selectivity in the ASD population, this condition is only beginning to be addressed in the literature . There is a need to further explore the relationships between sensory modulation and food selectivity and to gain a greater understanding of the physiological processes underlying food refusal behavior.
EDA as a Physiological Measure of Sensory Modulation and Food Selectivity
Due to the detrimental functional implications of sensory modulation disorder, several studies have documented some of the possible physiological underpinnings. This work may provide a foundation for using this modality of measurement to explore relationships between sensory modulation, symptoms of autism, and food acceptance.
EDA is a non-invasive measure of underlying arousal state and reactivity to stimulus that is linked to the functioning of the autonomic, and more specifically, sympathetic (i.e., fight, flight, or freeze) nervous system functioning (Schoen, Miller, Brett-Green, & Nielsen, 2009 ). Electrodes are placed on either two digits or the thenar and hypothenar eminences of the palm. Data is collected during a baseline resting period and during stimulus presentation (Fowles et al., 1981) . During this process, tonic and phasic outcomes are collected and analyzed (Fowles, 2008) . Tonic EDA is a stable, slow changing component linked to the overall arousal system and is often captured in the skin conductance level (measured in microsiemens) over defined blocks of time. Phasic EDA is the specific response or reactivity to a stimulus. This is measured in the amplitude and magnitude of an EDA response that occurs in the defined temporal window (typically 4 to 10 s) after a stimulus is presented (Schoen, Miller, Brett-Green, & Hepburn, 2008) .
Several studies using a laboratory "Sensory Challenge Protocol" have provided information about differences in EDA response to sensory input in different diagnostic groups (Schoen et al., 2009 ). This protocol was developed to present sensory stimulation in a non-threatening way. Children are exposed to 10 sensation trials in each of the five sensory modalities (e.g., touch, smell, movement) in an environment designed to look and sound like a space ship. In a study comparing the EDA of children with ASD to children with sensory modulation disorder alone, children with ASD had atypical physiological arousal (tonic EDA), while children with SMD had atypical higher physiological reactivity (phasic EDA) across all sensory domains when compared to typically developing controls (Schoen et al., 2009) . Consistent with this study, Hubert, Wicker, Monfardini, and Deruelle (2009) found that children with ASD had lower skin conductance response (phasic response to stimulus) than controls on an emotional judgement task. However, Chang and colleagues (2012) found an opposite pattern in children with autism when they examined tonic baseline and phasic response to controlled auditory stimuli. Children with ASD had significantly higher tonic baseline and recovery levels when compared to typically developing controls. Also, the ASD group demonstrated higher phasic amplitude of response to tone than the typically developing group. This discrepancy might be explained by work by Schoen, Miller, Brett-Green, and Hepburn (2008) . They tested the hypothesis that children with ASD may have at least two different patterns of response to stimuli. They found that 29% were nonresponders in at least one sensory domain. Then, one pattern was a higher arousal group that had higher phasic magnitudes, faster latencies, and slower habituation. The second was a lower arousal group with lower EDA magnitudes, slower latencies, and faster habituation. In addition, these patterns were present regardless of medications that some of the children were taking.
Although phasic EDA in response to stimuli has proven useful to measure physiologic response to isolated contrived sensory stimuli, there is a need to determine if EDA may be a good measure of response to functional activities. Little work has been done to determine the usefulness of EDA during a functional task.
The primary aim of this study was to develop and describe a laboratory protocol for collection of EDA data in response to eating and test the feasibility of using this measurement during this functional activity. In addition, this study sought to replicate information on differences in food inventory acceptance between children with ASD compared to typically developing children and the relationship between food acceptance and a measure of SOR. Finally, the relationship between the tonic EDA during baseline and food presentations and a measure of SOR is explored. Method This feasibility study employed a cross-sectional case control design to compare children with an existing diagnosis of ASD to typically developing children 4 to14 years of age. Children with autism were recruited from the Western Michigan University (WMU) Marion R. Spear Occupational Therapy Clinic, from local autism organizations, and though snowball sampling. Inclusion criteria for the children with autism were an existing ASD diagnosis that was confirmed on the Social Responsiveness Scale (Constantino & Gruber, 2005) . The exclusion criterion was the presence of food allergies. Typically developing children were recruited through word of mouth at the WMU College of Health and Human Services and at the local elementary school and were included in the study if their parent reported that they did not have any diagnosis that impacted behavior or learning. Typically developing children were also excluded if they had food allergies. The WMU Human Subjects Institutional Review Board approval was obtained, caregivers signed an informed consent, and the children indicated assent before EDA data collection began. Additional data, including laboratory food acceptance, collected during this study is published in Suarez (2017) . Instrumentation Demographic information including the child's date of birth, gender, and source of the autism diagnosis (for the ASD group only) was collected via a questionnaire. In addition, the parents were asked if their child had ever had feeding treatment.
Social Responsiveness Scale. The ASD diagnosis was verified using the Social Responsiveness Scale for the children whose parents indicated that their child had autism. This is a 65-item judgementbased parent questionnaire (Constantino & Gruber, 2005) and has been validated as a measure of characteristics of autism (Constantino et al., 2003) .
Food frequency questionnaire. All of the parents filled out a food frequency questionnaire (i.e., food inventory) to identify foods that their child had eaten in the last month. The Food Frequency Questionnaire was originally developed for the Growing up Today Study (Field et al., 1999) and later modified by Bandini and colleagues (2010) for studying food selectivity in children with ASD. This instrument was again modified to add additional food items and then used for this study.
SOR scale. The SOR scale was developed by cross-referencing two clinically respected sources (Dunn, 1999; Miller, 2006) and reviewed by two sensory processing disorder experts for validity. This scale includes 19 items regarding tactile, visual, auditory, and vestibular processing problems. This scale was used in two other previous studies of autism and food selectivity (Suarez, Nelson, & Curtis, 2012; Suarez et al., 2013) but not yet tested explicitly for psychometric properties.
EDA. Electrodermal activity data was collected during laboratory food presentation protocol using Biopac System software. Electrodes were placed on the thenar and hypothenar eminences of the participant's nondominant hand and data was collected with a wireless transmitter using a constant voltage (.5V) technique. The signal was sampled at 1000Hz and stored on a computer. Data was later reduced and analyzed using Acquisition (contact Biopac Systems, Inc.) software.
Laboratory Food Presentation Protocol
One primary aim of this study was to test the feasibility of using EDA to gain a better understanding of the physiological response to food in children with food selectivity and ASD. A laboratory food presentation protocol was developed for this purpose and details follow. The parents interested in study participation were given a link to an online survey to collect demographic information, food inventory, and SOR scale. After survey completion, the parents were given information about the laboratory portion of the study and instructed to provide contact information if interested in further participation. The parents who provided contact information were called to schedule lab time and then were sent a picture book that detailed the laboratory procedure for them to review with their child. This picture book was aimed at reducing anxiety and increasing active participation in the protocol. When the children arrived at the lab, they were led into the room that was decorated for a "picnic". The children sat at the table and rested their nondominant hand on a pillow while electrodes were placed on their hands. The parents sat behind the children out of view. The children then watched a 6-min cartoon video without any dialogue to get data to compare to food presentation. After the video, the children were presented with 16 different foods one at a time in a random order. The foods included four vegetables, four fruits, two proteins, three dairy items, two snack foods, and one unusual food (spicy chick pea). Acceptance of these foods is documented in Suarez (2017) . The foods were brought to the table covered and then after they were placed on the table the cover was removed. The child was asked to "take a bite of" the food. Approximately 10 s after the food was either swallowed or refused, the child was asked to take a drink of water and then the next food was provided in the same manner. An observer monitored the on-screen EDA and marked when the cover was removed from the food and if/when the child took a bite of the food. Sessions were videotaped and synced to the EDA data. Marker placement was confirmed by an additional researcher using video recordings. EDA data was continuously recorded through the video baseline and food presentation phases. Markers were used to determine specific phasic responses to the visual stimuli when viewing each food.
Analysis
Descriptive statistics were used to provide information about the characteristics of the participants. Independent t-tests were performed to investigate differences between the children with ASD and the typically developing children on the number of foods accepted on the food frequency questionnaire, the SOR scale, and the EDA. Pearson correlation was used to examine the relationship between EDA and SOR measures.
Results
Participants. Forty-eight children participated in this study. Table 1 contains demographic information for the sample (Suarez, 2017) . All of the children in the ASD group were classified as having ASD on the Social Responsiveness Scale. There was not a significant difference in age between the group with ASD and the group with typically developing children (TD) t(52) = .204, p = .839. However, Chi-square analysis revealed a significant difference in the gender distribution of the groups (x2 (1) = 7.642 , p =.006) with more male participants in the ASD group. Differences on food inventory and SOR between groups. According to parent report on the Food Frequency Questionnaire, the children with autism ate significantly fewer foods when compared to typically developing children in all food groups. In addition, there was a significant difference in SOR scores (higher scores equal more dysfunction) between groups. 
Relationships Between SOR and Food Frequency Questionnaire
For the group as a whole (both ASD and typically developing), the child's SOR score was significantly correlated with the number of foods his or her parent reported that the child ate over the last month on the food frequency questionnaire, r = -.611, p < .001. As the child's SOR score went up, the number of foods accepted over the last month went down. Correlations for the ASD and typically developing analysis groups separately were not conducted due to power analysis from a previous study indicating that at least 41 participants would be needed in each group to detect the moderate to large effect (Suarez et al., 2012) .
Exploration of Tonic EDA and Phasic EDA
The average EDA across the baseline video and food presentations phases of the protocol were compared for the ASD and the typically developing groups. The mean EDA across the entire baseline video phase for the autism group was x = 3.11, SD = 2.32, and for the typically developing group it was x = 5.50, SD = 3.23. There was a significant difference in the mean tonic video EDA for children with ASD compared to the typically developing children, t = -2.85, p = .007. The mean EDA across the entire food presentation phase for the group of children with autism was x = 4.09, SD = 3.42 and the mean for the group of typically developing children was x = 7.60, SD = 4.14. There was a significant difference in the mean tonic food EDA for children with ASD compared to those typically developing, t = -307, p = .004.
During the laboratory food presentation phasic EDA was observed in real time for all of the participants. Of note, during this observation both the children with ASD and the typically developing children appeared to respond at different times during the food presentation process. The responses were sometimes initiated as the examiner lifted the food off of a nearby table, as he/she walked toward the participant, as the food was placed on the table, as the cover was lifted, as the food was viewed for the first time, and as the food was placed in the child's mouth. Phasic response to food was not analyzed due to a limited number of phasic responses that occurred to food presentation in both the ASD group and the typically developing group in the 4 to10 s window after the cover was removed from the food and the participant saw the food for the first time.
Relationship Between Tonic EDA and SOR Measure
There was a significant correlation between the tonic EDA during the food presentation and SOR scale r =-.357, p = .002. As the SOR scale increased (indicative of more dysfunction) the EDA during the food presentation decreased. However, the relationship between the mean EDA over the baseline period and the SOR scale was not significant, r = -.296, p = .060. Discussion The findings from this study extend the literature regarding ASD and food selectivity in several ways. First, differences in food acceptance between children with ASD compared to typically developing children as measured by a food inventory were replicated. The parents of children with ASD endorse the consumption of significantly fewer foods than the parents of typically developing children. In addition, the relationship between food acceptance and a measure of SOR was confirmed. As SOR increased the number of foods accepted as part of the child's regular diet declined. New findings in this study include the differences in tonic EDA during food presentation in children with ASD compared to children who were typically developing and the relationship between tonic EDA and the measure of SOR.
The findings of this study are in keeping with previous research findings that children with ASD eat fewer foods than their typically developing counterparts. Increased food selectivity in children with ASD has been documented in several studies Williams et al., 2005) . In addition, the relationship between the number of foods accepted as part of the child's regular diet and the symptoms of SOR is consistent with past work Suarez et al., 2012 , Suarez et al., 2013 .
Although EDA has been supported as a useful measure of sympathetic response to isolated, contrived stimuli in children with ASD and sensory modulation disorders (Chang et al., 2012; Hubert, Wicher, Monfardine, & Deruell, 2009; Schoen et al., 2009; Schoen et al., 2008) , very few studies have used this instrumentation to examine differences in response to everyday activities like eating. This study highlights some of the challenges of using EDA in this manner. Many of the participants appeared to have a specific phasic response to the anticipation of the presentation of the food. Some responded when the research assistant picked up the plate, some when the plate was set on the table, some when the cover was removed from the food, and some when the food was placed in the mouth. Since many of the responses fell outside of the 4 to 10 s video after viewing the food, phasic EDA response to the sight of the food could not be isolated in this study. However, the more slow acting tonic activity averaged across the video and food trials provides some possible insight into the arousal level of the children during this eating activity.
The children with ASD had significantly lower average EDA over the food trial when compared to typically developing children. This may fit with the findings that SUR is the most prevalent sensory modulation pattern in children with autism (Baranek, Parham, & Bodfish, 2005; Ben-Sasson et al., 2009) . Some children with ASD may experience chronic under-response to stimulus and have difficulty with quickly orienting to and responding appropriately to everyday stimuli in the environment. Since SUR was not measured in this study, this is a possibility that points to a direction for further research.
Another possibility is that children with higher SOR scores (and corresponding food selectivity) experience chronic stress in daily life due to extreme sensitivity to stimuli in the environment. Therefore, they may experience system "shut-down" during stressful (and other) situations. This hypothesis may be supported by an "inoculation" theory where being under high levels of stress over long periods of time causes the autonomic nervous system to adapt and blunt the sympathetic nervous system response (Ruiz-Robledillo, Romero-Martinez, & Moya-Albiol, 2016) . However, much is left to learn about autonomic nervous system differences in children with autism and these findings provide only preliminary information to support continued exploration. A replication of this study (with a mechanized method of food presentation to reduce anticipatory response to food) with children with only SOR, compared to children with autism and children who are typically developing, is indicated to provide more information about the differences in autonomic nervous system response to food.
Limitations
This feasibility study had several limitations. The primary being the inability to acquire a specific response to each food and the use of a gross measure of EDA averaged across the video and food presentation phases. Future work focused on phasic EDA in response to an everyday activity like eating may consider mechanizing the presentation of the everyday stimulus (e.g., food) to remove the social and anticipatory responses that fall outside the temporal response window. Also, this study took place in a laboratory setting and the children may have responded differently in their natural environment. In addition, this study was unable to test the relationship between SOR and food inventory items accepted separately for the ASD and typically developing groups due to a smaller than needed sample size for adequate power. However, it is noteworthy that even with the inclusion of the typically developing participants, the relationship between SOR and the number of foods accepted was still significant. Demographically, the participants in the ASD group reflected the typical distribution of children with ASD with more boys than girls. The genders of the two groups, however, differed significantly with more girls in the group of typically developing children.
Conclusions
Advances in technology that include physiological monitoring with wearable sensors provide the opportunity to acquire new understanding of the internal components of observable behavior. In addition to replicating past work on differences in food acceptance in children with ASD and those typically developing and the relationship between SOR and food acceptance, this feasibility study may provide some insight into the use of physiological monitoring technology. In the future, occupational therapists may be able to gain insight into the internal states of clients who cannot share this information verbally through this type of technology. Clinicians may be able to quantify differences in response to sensation that are currently captured with observational or subjective report measures. This could lead to better individualization of treatment and greater treatment effectiveness.
